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(54) Latent mercaptan stabilizers for improved weatherability of clear halogen-containing 
polymer compositions 

(57) Stabilizer compositions useful for protecting 
clear polyvinyl chloride and other clear halogen-contain- 
ing polymer compositions used in the manufacture of 
exterior weatherabfe products against discoloration and 
degradation caused by exposure to ultraviolet light and 
weathering in addition to heat comprising a latent mer- 
captan which degrades during processing of the com- 
position at an elevated temperature to liberate a free 
mercaptan, in combination with a synergistic amount of 
a free phenyl salicylate compound. The latent mer- 
captan may be the sole heat stabilizer additive in the 
stabilizer composition, but the free mercaptan released 
during processing may also synergize the activity of 
organic-based or metal-based heat stabilizers such as 
metal salts and organometallic stabilizers such as orga- 
notin carboxylates and organotin mercaptides in the 
polymer composition. 

Clear polyvinyl chloride and other clear halogen- 
containing polymer compositions containing these com- 
pounds are also provided which exhibit improved ultra- 
violet light stability and weatherability without detracting 
from their thermal performance. 
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Description 

FIELD OF THE INVENTION 

5 [0001 ] This invention relates to stabilizer compositions that are capable of stabilizing clear halogen-containing pol- 
ymer compositions against the deteriorative effects of heat, light, and weathering. Such stabilizer compositions com- 
prise a latent mercaptan, which during processing at elevated temperatures develop into corresponding degradation 
products, said products including a free mercaptan, in combination with very low levels of a free phenyl salicylate com- 
pound. This invention also relates to clear halogen-containing polymer compositions normally susceptible to both heat- 

10 and ultraviolet light-induced deterioration which comprises a halogen-containing polymer, the degradation products of 
a latent mercaptan present during processing of the polymer composition at an elevated temperature, said products 
including a free mercaptan, and a free phenyl salicylate compound. It also relates to such stabilizer and polymer com- 
positions which further contain very low levels of a metal-based stabilizer, a Lewis Acid, an organic-based stabilizer, a 
hydrotalcite-based stabilizer, or other stabilizer synergists. 

15 

BACKGROUND OF THE INVENTION 

[0002] It is well known that the physical properties of various organic polymers deteriorate and color changes take 
place during processing of the polymer and during exposure of formed polymer products to certain environments. The 

20 prime examples of polymers which are susceptible to degradation during processing are the halogen-containing poly- 
mers such as the vinyl and vinylidene polymers in which the halogen is attached directly to carbon atoms. Poly (vinyl 
chloride) or PVC, copolymers of vinyl chloride and vinyl acetate, and poly (vinylidene chloride), the principal resin in 
self-clinging transparent food wraps, are the most familiar polymers which require stabilization for their survival during 
fabrication into pipes, window casings, siding, bottles, wall covering, packaging film, and the like. When such polymers 

25 are processed at elevated temperatures, undesirable color changes often occur within the first 5 to 10 minutes as well 
as during later stages of the processing. Haziness, which sometimes accompanies the color changes, is particularly 
undesirable where clear products are needed. 

[0003] The addition of heat stabilizers to such polymers has been absolutely essential to the wide-spread utility of 
the polymers. From a great deal of work in the development of more and more effective heat stabilizers there has 

30 emerged two principal classes: organotin compounds and mixed metal combinations. Organotin-based heat stabilizers 
are the most efficient and widely used stabilizers for rigid PVC. Synergistic combinations of alkyltin mercaptides and 
free mercaptans are particularly efficient heat stabilizers for rigid PVC during extrusion. They have not been entirely sat- 
isfactory, however, because of several failings on the part of the mercaptan synergist and are not used in flexible PVC. 
Many mercaptans give off an offensive odor even at room temperature and the odor grows worse at PVC processing 

35 temperatures. The oxidative stability of the mercaptans is very often very poor. Oxidation of the free mercaptans dimin- 
ishes the synergism. Thus, a combination having an enhanced synergism would be welcomed by the PVC industry. 
Also, because of the end-use of articles made from some polymers, many polymeric compositions require the presence 
of both biocides and heat stabilizers but the use of the organotin mercaptide/mercaptan combination in such a compo- 
sition is often frustrated by the tendency of the free mercaptan to deactivate a biocide such as the much used OBPA 

40 (10, 10'-oxybisphenoxarsine). 

[0004] Another shortcoming of such mercaptan-containing heat stabilizers is that they fail to protect the polymer 
compositions against the degrading effects of ultraviolet light and weathering. Upon prolonged exposure to ambient 
light and outdoor weathering conditions, products formed from these so-stabilized polymers readily tend to discolor and 
decompose with attendant loss in physical properties, e.g., tensile strength, flexibility, and impact resistance, which 

45 shortens the useful life of such articles. 

[0005] With increased use of halogen-containing polymer compositions to form products designed for exterior 
weatherable applications, for example, vinyl house siding, window frames, window profiles, corrugated roofing, door 
stripping, etc., it is increasingly important to develop a stabilizer that will not only protect the polymers against heat 
encountered during processing and fabrication, but also protect the polymers against the long term effects of ambient 

so light and outdoor weathering. Such a stabilizer is particularly desired for clear products which have very poor light sta- 
bility and weatherability, as they generally do not contain opaque fillers and pigments, such as titanium dioxide, which 
inhibit light from penetrating therein and thus reduce the rate of polymer degradation. 

[0006] In U.S. Patent No. 3,660,331 , Ludwig teaches the stabilization of vinyl halide resins by certain thioethers and 
thioesters of tetrahydropyran. Better heat stabilizer compositions are still needed, however. Heat stabilizers that offer 
55 improved ultraviolet light stability and weatherablity to halogen-containing polymer compositions, particularly clear pol- 
ymers, are even further needed. The thioethers/low level phenyl salicylate stabilizer combinations of this invention sat- 
isfy such needs. 
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SUMMARY OF THE INVENTION 

[0007] It is, therefore, an object of this invention to provide a heat stabilizer composition having the synergy of a 
mercaptan plus improved ultraviolet light stability and weatherability. 
5 [0008] It is another object of this invention to provide a heat stabilizer composition having the synergy of a mer- 
captan plus improved oxidative stability. 

[0009] It is yet another object of this invention to provide a heat stabilizer composition which is substantially free 
from the offensive odor typically associated with mercaptans. 

[0010] It is a further object of this invention to provide a heat stabilizer composition having the synergy of a mer- 
it? captan plus improved biocide compatibility. 

[0011] It is still another object of this invention to provide a heat stabilizer composition which comprises a latent- 
mercaptan containing heat stabilizer, in combination with a synergistic amount of a free phenyl salicylate compound. 
[0012] It is a related object of this invention to provide a clear halogen-containing polymer composition and sub- 
stantially transparent articles formed therefrom stabilized against heat, light and weathering by incorporation therein of 
15 a latent mercaptan-containing heat stabilizer, in combination with a synergistic amount of a free phenyl salicylate com- 
pound. 

[0013] These and other objects of the invention which will become apparent from the following description are 
achieved by a stabilizer composition capable of stabilizing clear halogen-containing polymer compositions against the 
deteriorative effects of heat, light, and weathering, comprising the combination of a blocked mercaptan which degrades 
so during processing of the composition at an elevated temperature to liberate a free mercaptan, and a synergistic amount 
of a relatively Inexpensive free phenyl salicylate compound which is believed to undergo photo-fries rearrangement dur- 
ing prolonged exposure of the composition to ambient light to liberate a benzophenone compound which possesses rel- 
atively higher ultraviolet light-absorbing activity. 

[0014] The aforesaid and other objects of the invention are also achieved by incorporating into a clear polymeric 

25 composition containing a halogen-containing polymer normally susceptible to heat- and ultraviolet light-induced deteri- 
oration, a blocked mercaptan, and a synergistic amount of a free phenyl salicylate compound and processing the com- 
position at an elevated temperature at which the latent mercaptan degrades to liberate a free mercaptan. The terms 
"latent mercaptan" and "blocked mercaptan" are used interchangeably herein. The latent mercaptan may act as the 
sole heat stabilizer but may also be used with synergistic amounts of other heat stabilizers, such as very low levels of 

30 organic-based heat stabilizer, metal-based heat stabilizer or Lewis Acids and the like. 

[0015] Other products of the degradation of the blocked mercaptan are believed to include carbocations of the 
blocking moiety which are stabilized by a molecular structure in which the electron deficiency is shared by several 
groups. Resonance stabilization and neighboring group stabilization are two of the possible mechanisms by which the 
carbocations may be stabilized. The carbocations act as intermediates in the formation of stable compounds early in 

35 the hot processing of halogen-containing polymers. Although such mechanisms and the resultant carbocations are 
believed to be an impetus for the liberation of the active free mercaptan, this invention is in no way limited by the fore- 
going attempt to explain the working of the invention. Those skilled in the art will see the resonance stabilization and 
neighboring group stabilization that are possible in the following structures of the blocked mercaptan; other mecha- 
nisms may be at work in other blocked mercaptans represented by these structures that also liberate an active free mer- 

40 captan upon thermal and/or chemical degradation during processing of polymeric compositions containing such 
blocked mercaptans. 

[001 6] Furthermore, photo-fries rearrangement of a substantial portion of the phenyl salicylate to its corresponding 
benzophenone structure during prolonged exposure to ambient light is one possible mechanism by which the very high 
ultraviolet light-absorbing activity of such stabilizer compositions is obtained. Although such mechanism and the result- 
45 ant product are believed to be an impetus for the generation of highly active UV-absorbing compounds, those skilled in 
the art will understand that other mechanisms may be at work for improving the ultraviolet light stability and weathera- 
bility afforded by such compositions. This invention is thus in no way limited by the foregoing attempt to explain the 
working of the invention. 

so DETAILED DESCRIPTION OF THE INVENTION 

[0017] The polymeric compositions of this invention contain polymers normally susceptible to heat-induced and 
light-induced deterioration through autooxidation such as the above-noted halogen-containing polymers. The term "hal- 
ogen-containing polymers" as used herein means halogen-containing polymers or resins in which the halogen is 
55 attached directly to the carbon atoms. Of particular interest to this invention are clear halogen-containing polymer com- 
positions, especially the commercially important clear polyvinyl chloride compositions. The term "clear" as used herein 
means that the halogen-containing polymer compositions will result in articles which are essentially transparent. As will 
be appreciated by those skilled in the art, such compositions are substantially free of opaque pigments and fillers. 
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wherein a is 0 or 1, m and n are 0 or 1; y = 1 to 4; when y = 1, z is 1 to 4; and when y is more than 1, z is 1 ; R1 is an 
alkyl, alkylenyi, cycloalkyl, cycloalkyienyl, aryl, alkaryl, aralkyl, aralkylenyl, hydroxyalkyl. dihydroxyalkyl, hydroxy(poly- 
alkoxy)alkyl. alkoxyalkyl, hydroxyalkoxyalkyl, alkDxy(hydroxyalkyl), alkaxy(acyloxyalkyl), altoxy(polyalkoxy)alkyl, 
alkoxy(polyalkoxy)carbonylalkyl, carboxyalkyl, acyloxyalkyl, acyloxy(hydroxyaikyl), acyloxyalkoxyalkyl, acyloxy(poly- 
alkoxy)alkyl, benzoyloxy(polyalkoxy)alkyl. alkyienebis-(acyloxyalkyl), alkoxycarbonylalkyl, alkoxycarbonylalkylenyi, 
hydroxyalkoxycaibonyialkyl, hydroxy (polyalkoxy) carbonyialkyl, mercaptoalkyl, mercaptoalkylenyl, mercaptoaltoxycar- 
bonylalkyl, mercaptoalkoxycarbonyialkylenyl, alkoxycartx>nyl(amido)alkyl, alkylcarbonyloxyfpolyalkoxyjcarbonylalkyl, 
tetrahydopyranyloxyfpolyalkoxyjcarbonylalkyl, tetrahydropyranyloxyalkyi, hydroxyaryl, mercaptoaryl or cartx>xyaryl rad- 
ical having from 1 to 22 carbon atoms; R 2 . R 3 , R 4 , R 5 . R 6 , and R 7 are independently hydrogen, a hydroxyl, mercapto, 
acyl, alky), alkylenyi, aryl, haloaryl, alkaryl, aralkyl, hydroxyalkyl, mercaptoalkyl, hydroxyaryl, alkaxyaryt, alkoxyhy- 
droxyaryl, mercaptoaryl groups having from 1 to 22 carbon atoms; X is aryl, haloaryl, alkaryl, hydroxyaryl, dihy- 
droxyaryl, alkoxyaryl, arylcycloalkyl, or a heteroatom, with the option that when a is 1 and m is 1, R 6 and R 7 form a 
heterocyclic moiety in conjunction with X as nitrogen, and with the further option that when a = 1 and m = 0, one of R 1 , 
R 3 , and R 5 joins with R 7 and X to form a heterocyclic moiety with X as a heteroatom selected from the group consisting 
of oxygen and sulfur; with the proviso that z is 1 or 2 when X is aralkaryl, R 6 and R 7 are hydroxyl, a is 1 and m is 1 , and 
with the further proviso that when R 6 * hydroxyl or mercapto, z is 1 . 

[0024] The mercaptans which may be converted into latent mercaptans for the purposes of this invention are well- 
known compounds and include alkyl mercaptans, mercapto esters, mercapto alcohols, and mercapto carboxyiic acids. 
See, for example, U.S. Pat. Nos. 3,503,924 and 3,507,827. Alkyl mercaptans having from 1 to about 200 carbon atoms 
and from 1 to 4 mercapto groups are suitable. They include, but are not limited to, the following compounds which 
encompass the S-R 1 group: 

HS— CH— (CH)j — R 10 (MCI) 
R» R 19 

SH (MC2) 
(CH)i -R u 
In t} u 
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}ll oil 



(CH); -CH-SH 

I I 
R" R" 



(MC4) 



O 
I 
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HS-CH-(CH)j — C— O— CH— (CHy-O-C— (CH) J — CH— SH) 2 



R u R" 
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(MC6) 



wherein R 10 and R 19 are the same or different and are 



0 0 

1 | 

0-O-R 17 , —C-O-R 17 , 



-OH. -SH. aryl. C t to C 18 alkyl. or -H; 
R 11 is -H. aryl, or to C-| 8 alkyl: 
R 12 is cycloalkyl, cycloalkenyl or phenyl; 
R 13 is 



0 O 

1 | 

O-C-R 17 , -C-O-R 17 , 



-SH, aryl. to C 18 alkyl, -OH or -H with the proviso that in formula (MC2) when R 12 is phenyl, R 13 is -OH and i=0, 
then the -SH groups are on non-adjacent carbon atoms; 

R 14 is -H or a divalent group which may contain halogen, hydroxy, mercapto or alkyl substituents and which when 
R 12 is phenyl combines with th phenyl to form a naphthalene ring; 



6 



15 



EP1004 624A1 

R 15 is 



0 0 0 0 0 0 

1 1 1 1 1 » 8 



10 R 16 is-CH 3 ,-CH 2 CH 3l or 



o 

I 

-CH 2 -0-C— (CH)i -Ctt-SH- 



20 R 17 is -H, or alkyl, alkenyl, aryl, aralkyl. alkaryl, cycloalkyl, cycloalkylenyl; 
R 18 is arylene, Cj to C 8 alkylenyl, 

-CH -(CH)i -(S) f -(CH), -CH- 

or -(CH2-CH2-0) b -CH 2 -CH 2 -wherein b is an integer from 1 to 6; 
i=0 or an integer from 1 to 6 inclusive; 
30 j=0, 1.2 or 3; and 
f=1 or 2. 

[0025] Mercaptan-containing organic compounds preferred as intermediates in the preparation of the latent mer- 
captans of this invention are those compounds according to formula (MC1) where R t1 is -H, R 19 is -H, R 10 is OH or 

35 

O 

I „ 

-OCR 1 

40 

and i=1 ; those compounds according to formula (MC2) where R 12 is phenyl, R 1 1 is -H, R 13 is -H R 14 is -H, i=1 , and j=1 ; 
those compounds according to formula (MC3) where R 11 is -H, R 15 is 

0 O 

1 I 

-OCCtt=CHCO— 

and i=1 ; those compounds according to formula (MC4) where R 1 1 is -H and »=1 ; those compounds according to formula 
so (MC5) where R 16 is -C2H5 or 



55 
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O 
I 

-CHjOC— (CH)j -CHSH 



w R 1 1 is -H and i=1 ; and those compounds according to formula (MC6) where R 1 1 is -H and i=1 . 

[0026] Examples of the mercaptan-containing organic compounds described by formula (MC1 ) indude, but are not 

limited to. the following compounds: 
HSC12H25 



15 



SO 



25 



30 



35 



40 



45 



50 



0 

I 

HSCHj COC,Hj 



O 
I 

HSCH 2 COC,H l7 



O 

s 

HSCHCOC s H 17 
CH, 



O 
I 

HSCHj CHOCC,H l7 
I 

CH, 
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0 
I 

HSCHCOC a Hjj 



<£> 



o 
I 

HSCH, COC u H„ 



O 
I 

HSCHjCHjCOC,H 17 



O 
I 

HSCH 2 CH2COC,,Hj, 



0 
I 

HSCH 2 CHjOCC l7 Hj5 



0 
I 

HSCHjCHjOCCpHj, 



O 
I 

HSCH,CH 2 CH 2 OCC,H I7 



O 
I 

HSCHj CHOCCHj 
I 

C 9 H t9 



0 
I 

HSCHjCHjOCCuHjj 
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0 
» 

HSCHCOCHj 



HSCHaCHaOH 
HSCH 2 CH 2 CH 2 OH 



HSCH 2 CHOH 
CH, 



HSCHj CHOH 
C 4 H, 9 



O 
I 

HSCH 2 COH 



O 
I 

HSCHjCH,COH 



O 
I 

HSCHCOH 

I • 
C l0 H 21 



[0027] Examples of the mercaptarvcontaining organic compounds described by formula (MC2) include, but are not 
limited to, the following compounds: 

SH SH 

I I 




[0028] Examples of mercaptan-containing organic compounds represented by formula (MC3) include, but are not 
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limited to the following compounds: 



0 0 

1 a 

HSCH 2 COCH 2 CH 2 OCCH 2 SH 



10 



15 



0 

8 



^<>ycoch 2 ch 2 sh 

O 



20 



0 0 

1 I 

HSCH 2 CH 2 OC (CH 2 ) 4 COCH 2 CH 2 SH 



25 



o o 

I . I 

HSCH 2 CH 2 OCCH=— CHCOCH 2 CH 2 SH 



30 



0 0 

1 I 

HSCH 2 CH 2 OCCH 2 CH 2 COCH 2 CH 2 SH 



35 



[0029] The mercaptan-containing organic compounds described by formula (MC4) are exemplified by. but are not 
limited to. the following: 



40 



45 



0 
I 

I HSCH 2 CH 2 OCCH r 



OH O 
I II 

-C C-OCH 2 CH,SH 



[0030] The mercaptan-containing organic compounds represented by formula (MC5) are exemplified by, but are not 
so limited to, the following: 



55 



CH,CH 2 C(CH 2 OCCH 2 SH), 
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[0031 ] The mercaptan-containing organic compounds represented by formula (MC6) are exemplified by, but are not 
limited to, the following: 



? ? 

HSCHjCHjCOCH ( CH : OCCH : CH 2 SH ) 2 



I ! 

HSCH 2 COCH ( CH 2 OCCH 2 SH ) 2 



[0032] The formula (MC1) and (MC4) mercaptan compounds are especially preferred. 

[0033] One of the advantages of this invention is that the offensive odor of the mercaptans is masked by the block- 
ing group so that the latent mercaptan thus created may be put into a PVC composition or the like with little or no 
offense to the operator with the knowledge that the free mercaptan will be released as a degradation product when the 
treated composition is heated during the usual processing, e.g. extrusion. 

[0034] The blocking compounds are preferably those which are capable of furnishing a stabilized carbocation hav- 
ing a molecular structure in which the electron deficiency is shared by several groups. Resonance stabilization and 
neighboring group stabilization are two of the possible mechanisms by which the carbocations may be stabilized. Polar- 
ized, unsaturated compounds exemplified by 3,4-dihydropyran, 2-methoxy-3,4-dihydropyran, styrene, a-methylstyrene, 
vinyl benzyl chloride, indene, 2-vinylpyridine, N-vinylpyrrolidone, vinyl acetate, octadecyl vinyl ether, cyclohexyl divinyl 
ether, ethyleneglycol monovinyl ether, ally! phenyl ether, trans-cinnamaldehyde, N-methyl-N-vinylacetamide. N-vinylc- 
aprolactam, isosugenol, and 2-propenylphenol are suitable. Compounds having labile halogen atoms which split off as 
hydrogen chloride in a condensation reaction with the mercaptan, as exemplified by triphenylmethyl chloride, benzyl 
chloride, and bis(chloromethyl)benzene t are also suitable. The mercaptan may also be blocked by condensation with 
an aldehyde such as butyraldehyde or with a benzyl alcohol such as benzene dimethanol. A preferred blocking agent 
is 2-hydroxybenzyl alcohol, a well known intermediate in the perfume, agricultural, and plastics industries. 
[0035] Especially preferred polarized, unsaturated compounds, are exemplified by above mentioned 3,4-dihydro- 
pyran, and its derivatives, such as 3,4-dihydro-2-methoxy-2H-pyran, 3,4-dihydro-2-ethoxy-2H-pyran, 3.4-dihydro-2- 
phenoxy-2H-pyran, 3,4-dihydro-2-formyl-2H-pyran, and its homologs such as 2,3-dihydrofuran and derivatives. The 
3,4-dihydro-2-formyl-2H-pyran is made by the Diels-Alder dimerization of acrolein at high temperatures and pressures. 
The 3,4-dihydro-2-alkoxy-2H-pyrans and 3.4-dihydro-2-phenoxy-2H-pyran are made by the reaction of the correspond- 
ing vinyl ether with acrolein in the presence of a catalytic amount of a zinc salt, e.g. ( zinc chloride. A variety of 3,4-dihy- 
dro-2H-pyrans having a substituent in the 2-posrtion can be made by similar reactions. The products formed by the 
reaction of 1 and 2 moles of acrolein with the divinyl ether of an alkylene- or polyalkylene glycol are blocking agents, 
also. The latent mercaptans made from the di-(3.4-dihydropyranyl) ethers also have the potential of being chelating 
agents in the polymer compositions of this invention. In the case of the reaction of one mole of acrolein per mole of a 
divinyl ether, the vinyl ether group of the resulting monomer permits the product to be incorporated into a vinyl chloride 
copolymer followed by the addition of a mercaptan across the double bond of the pyran ring to yield a latent mercaptan 
that is an integral stabilizer for the polymer. The reaction of one mole of acrolein with one mole of the divinyl ether also 
allows for the formation of a monomeric latent mercaptan of the mercaptan/tetrahydropyran adduct type in which the 
vinyl ether group of the resulting monomer permits the product to be copolymerized with one or more of a wide variety 
of ethylenically unsaturated compounds to form polymeric latent mercaptans. The product from the reaction of acrolein 
with chloroethyl vinyl ether provides a substituted 3,4-dihydropyran that can be further derivatized. The addition of a 
mercaptan across the double bond of the pyran ring can be done in the presence of the zinc salt catalyst to yield a sta- 
bilizer composition of this invention. 

[0036] In general, the procedure for adding the mercapto group of a free mercaptan across the double bonds of 
polarized, unsaturated compounds is: 

[0037] To a stirred mixture of the mercaptan, acid catalyst, and optionally, a small percentage of antioxidant to 
inhibit radical reactions, under nitrogen atmosphere is added dropwise the polarized, unsaturated compound, either 
neat or in solution, while maintaining the temperature between 10°-70° C. The mixture or solution is then heated for 
between 1 to 6 hours at 35°-70° C and conversion to product is monitored by gas chromatography and iodine titration 
for SH. The acid catalyst is removed by an alkaline wash and the resulting product is dried with magnesium sulfate and 
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filtered. The solvent, if required, is removed under reduced pressure at <50° C to yield the latent mercaptan. A solid 
phase catalyst may be used and then filtered out of the reaction mixture and regenerated for use in a subsequent syn- 
thesis, In this way, a wash step is eliminated. This generalized procedure is referred to hereinafter as Procedure A. 
[0038] In accordance with Procedure A, for example, mercaptoethanol is added across the double bond of N-vinyl- 

s caprotactam to yield N-2-hydroxyethylthioethylcaprolactam. Mercaptoethyldecanoate (or mercaptoethylcaproate; or 
mercaptoethyl tallate) reacts with 3,4-dihydropyran in that procedure to give 2-S-(tetrahydropyranyl)thioethyldecanoate 
(or 2-S-(tetrahydropyranyl) thioethylcaproate; or 2-S-(tetrahydropyranyl)thioethyltallate). Bis(hydroxyethylthioethyl) 
cyclohexyl ether is made from the mercaptoethanol and cyclohexyl di-vinyl ether. In like manner, the corresponding 
caprate. oleate, and tallate esters form the corresponding cyclohexyl ethers. Also, indene is converted by the addition 

w of the mercaptoethanol to 2H-dihydroindenylthio-ethanol. 

[0039] A generalized procedure for the condensation of a free mercaptan with a labile halogen-containing com- 
pound is as follows: 

[0040] To a stirred mixture of the mercaptan and halogen-containing compound under nitrogen atmosphere is 
added dropwise a solution of sodium methoxide in methanol while maintaining the temperature below 50° C. Optionally, 

15 the reaction is allowed to proceed without the addition of a base source and the liberated hydrogen chloride is removed 
by nitrogen gas sweep and neutralized with the use of an external acid scrubber. The mixture or solution is then heated 
for between 2 to 24 hours at 50°-70° C and conversion to product is monitored by gas chromatography and iodine titra- 
tion for %SH. The product is then neutralized, washed with water, dried with magnesium sulfate, and filtered. The sol- 
vent, if required, is removed under reduced pressure at <50° C to yield the latent mercaptan. This generalized 

20 procedure is referred to hereinafter as Procedure B. 

[0041] A generalized procedure for the condensation of a free mercaptan with a labile hydroxyl-containing com- 
pound is as follows: 

[0042] To a stirred solution of the mercaptan, acid catalyst, and solvent under nitrogen atmosphere is added the 
hydroxy-containing compound either neat or in solution while maintaining the temperature <45° C. The solution is then 

25 heated to 45° -75° C for between 1 to 10 hours and conversion to product is monitored by gas chromatography and 
iodine titration for %SH. Optionally, an azeotropic solvent is chosen for removal of reaction water by an appropriate 
means at reflux temperatures, typically 60°-120° C. Completion of reaction is achieved after the theory amount of water 
has been collected. The acid catalyst is removed by alkaline wash and the resulting solution is dried with magnesium 
sulfate and filtered. The solvent is removed under reduced pressure at <55° C to yield the latent mercaptan. This pro- 

30 cedure is referred to hereinafter as Procedure C. 

[0043] For example, 2-hydraxybenzyl alcohol condenses with mercaptoethanol in accordance with Procedure C to 
form 1-(2-hydroxyphenyl)-1-S-(2-hydroxyethylthio)methane. 

[0044] A generalized procedure for the reaction of a free mercaptan with a glycidyl ether is as follows: 

[0045] To a stirred mixture of the mercaptan and acid catalyst under nitrogen atmosphere is added the glycidyl 

35 ether, either neat or in solution, while maintaining the temperature between 25°-60° C. The mixture or solution is then 
heated to between 50°-75° C for a period of 1 to 6 hours and conversion to product is monitored by gas chromatography 
and iodine titration for %SH. The acid catalyst is removed by alkaline wash, the resulting product is dried with magne- 
sium sulfate, and filtered. The solvent if required, is removed under reduced pressure at <55° C to yield the latent mer- 
captan. For example, the reaction between mercaptoethanol and glycidyl neodecanoate gives 

40 C 9 H 1 9C(=0)OCH2CH(OH)CH 2 SCH2CH 2 OH. This procedure is referred to hereinafter as Procedure D. 
[0046] A generalized procedure for the condensation of a free mercaptan with an aldehyde is as follows: 
[0047] To a stirred solution of the mercaptan, acid catalyst, and azeotropic solvent under nitrogen atmosphere is 
added the aldehyde with heating to reflux, typically between 65°- 120° C, for removal of reaction water. Completion of 
reaction is achieved after the theory amount of water has been collected. Optionally, to a stirred solution of mercaptan, 

45 aldehyde, and ether is added BF 3 -etherate dropwise under reflux conditions. The solution is refluxed for between 1 to 
6 hours and conversion to product is monitored by gas chromatography. The acid catalyst is removed by alkaline wash, 
the solution is dried with magnesium sulfate and filtered. The solvent is removed under reduced pressure at <65° C to 
yield the latent mercaptan. This generalized procedure is referred to hereinafter as Procedure E. 
[0048] Examples of the blocked mercaptans of this invention include compounds having the following formulas, as 

so each relates to FORMULA 1 : 
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2. 



C C 

I I 

c oo 



CH,CHSCH 2 CH 2 OH 



a = 1, m = 1 . n = 0; y = 1 . z is 1 ; X is nitrogen, R 6 and R 7 are joined to form -CH 2 -CH 2 -CH 2 -C=(0)-; R 4 is hydrogen; 
R 5 is methyl; and R 1 is hydroxyethyl. 

3. 

0 CH, 

1 I 

CH, -C-N-CH-S-CH 2 CH 2 OH 
CH, 



a=1,m=1.n = 0;y=1,zis1;Xis nitrogen, R 6 is acetyl, R 7 is methyl, R 5 is methyl. R 4 is hydrogen, and R 1 is 
hydroxyethyl. 



4. 



SCH 2 CH 2 OH 



O 



a = 1 , m = 0, n = 0; y = 1 , z is 1 ; X is oxygen, R 5 and R 7 are joined to form -CH2-CH2-CH2-CH2-; R 4 is hydrogen, 
and R 1 is hydroxyethyl. 



5. 



SCH 2 CH 2 OH 



o 



a = 1,ms0, n=1,y = 1,z«1;Xis oxygen, R 3 and R 7 join to form -CH 2 -CH 2 -CH 2 -; R 2 , R 4 and R 5 are hydrogen, 
and R 1 is hydroxyethyl. 
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O 



CH : 

r 

O 




a=1,m = 0, n = 0, y = 1,z = 1;Xis oxygen, R 5 and R 7 join to form CH 2 -CH 2 -CH 2 -CH 2 -; R 4 is hydrogen, and R 1 
is 2-ethoxytetrahydropyranyl. 



7. 

O 

O 



o 



SCH 2 CH 2 a- 




a = 1,m = 0,n = 0, y = 1,z = 1;Xis oxygen, R 5 and R 7 join to form -CH 2 -CH 2 -CH 2 -CH 2 -; R 4 is hydrogen, and R 1 
is 3-ethoxytetrahydropyranyi. 

8. 



a=1,m = 0, n = 1,y = 1,z = 1;Xis oxygen, R 3 and R 7 join to form -CH 2 -CH 2 -CH 2 -; R 2 , R 4 and R 5 are hydrogen, 
and R 1 is 2-ethoxytetrahydropyranyl. 
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9. 



(^J) -OCH 2 CH 2 S— (^J) 



a = 1, m = 0, n = 1. y = 1. z = 1; X is oxygen, R 3 and R 7 join to form -CH2-CH 2 -CH2-; R 2 . R 4 and R 5 are hydrogen, 
and R 1 is 3-ethoxytetrahydropyranyl. 

10a. 

SCHjCH,OH 

/ 

-CH 

\ 



a = 0, m=0. n = 0, y = 1.z=1;Xis phenyl, R 4 is methyl, R 5 is hydrogen, and R 1 is hydroxyethyl. 
10b. 





rHr-CHr-S-CHjCHjOH 



a = 0, m = 0,n=1,y = 1,z = 1,Xis phenyl, R 2 , R 3 , R 4 , and R 5 are hydrogen, and R 1 is hydroxyethyl. 
II. 




:h 2 sch 2 ch 2 oh 



a = 0, m = 0,n = 0,z = 1;y = 1,Xis phenyl. R 4 and R 5 are hydrogen, and R 1 is hydroxyethyl. 
12. 



OH 




-CH 2 SCH 2 CH 2 OH 
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a = 1 , m = 0, n = 0, y = 1 , z = 1 ; X is phenyl, R 4 and R 5 are hydrogen, R 7 is o-hydroxy, and R 1 is hydroxyethyl. 
13 . 



CH 




jSCH 2 COCH,CH,SH 
i ( - 

0 



a = 0, m = 0. n = 0, y = 1 , z = 1 ; X is phenyl, R 4 and R 5 are hydrogen, and R 1 is mercaptoethoxycarbonylmethyl. 
14. 

/ 

— OCH,CH 

"\ 

SCH 2 CH 2 OH 



a=1,m = 0, n = 1,y=1,z = 1;Xis oxygen, R 2 , R 4 and R 5 are hydrogen, R 3 is methyl, R 7 is phenyl, and R 1 is 
hydroxyethyl. 



15. 

CH 2 — CH 2 

/ \ 

s o 

CH 

I 

CHsCHjCHj 



a = 1 , m = 0, n = 0. y = 1 . z = 1 ; X is oxygen, R 7 and R 1 are joined to form an ethylenyl radical, R 4 is hydrogen, and 
R 5 is propyl. 



16. 

CH, 




— OCHjCHCH : SCHjCHjOH 
I 

OH 
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a»0, m = 1,n = 1,y = 1,z = 1;Xis oxygen, R 2 , R 3 , R 6 and R 4 are hydrogen, R 5 is 2-methyleneoxytolyl, and R 1 is 
hydroxyethyl. 

17. 

CHjCHjCHjCHjOCHjCHCHjSCHjCHjOH 
OH 



a = 1, m = 0, n = 1. y o 1, z o 1 ; X is oxygen, R 2 , R 3 , R 4 and R 7 are hydrogen, R 5 is butoxy methyl, and R 1 is hydrox- 
yethyl. 

18. 

OH 

| SCfyCHjOH 

/ 

— CH 

\ 

CH 2 CHj 




a « 1, m - 0, n - 0, y » 1, z = 1; X is phenyl, R 4 is hydrogen, R 5 is ethyl. R 7 is o-hydroxy, and R 1 is hydroxyethyl. 



19. 

OH 

1 SCHjCfyOH 

/ 

-CH 2 CH 

\ 

CH, 




o 



a - 1, m ■ 0, n = 1,y = 1,z = 1;Xis phenyl, R 3 , R 4 and R 5 are hydrogen. R 2 is methyl, R 7 is o-hydroxy, and R 1 is 
hydroxyethyl. 



20. 



SCH,CH,OH 
/ * • 
-CH 

\ 

CHjCHj 
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a=1.m = 0, n = 0, y = 1,z = 2;Xis phenyl, R 4 is hydrogen, R 5 is ethyl, R 7 is o-hydroxy, and R 1 is hydroxyethyl. 



21. 



CHjO 



HO- 




w 



SCH 2 CH 2 OH 

:h 

\ 

CH 2 CHj 



15 a = 1 , m = 0. n = 0, y = 1 , z = 1 ; X is m-methoxyphenyl, R 4 is hydrogen. R 5 is ethyl, R 7 is p-hydroxy, and R 1 is 
hydroxyethyl. 



22. 



so 



25 



30 



CH,SCH 2 CH 2 OH 




I 

CH 2 SCH 2 CH 2 OH 



a=0,m = o, n = 0,y = l,z = 2;Xis tetrachlorophenyl, R 4 and R 5 are hydrogen, and R 1 is hydroxyethyl. 



35 



40 



23 . 



OH 



0 
» 



c. 




—OH 



45 



CH 3 CH 2 CHSCH 2 CH 2 OH 



so a=1,m = 0,n = 0, y=1,z = 1;Xls o,B-dihydroxyphenyl, R 7 is m-phenylcarbonyl, R 4 is hydrogen, R 5 is -CH 2 CH 3 , 
and R 1 is hydroxyethyl. 
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24. 

O 
I 

SCH 2 CH 2 OCC,H l9 

& 



a = 1, m = 0, n = 0; y = 1, z is 1 ; X is oxygen, R 5 and R 7 are joined to form -CH r CH 2 -CH 2 -CH r ; R 4 is hydrogen, 
and R 1 is decanoyloxyethyl. 



25. 



HO- \Q/ -CHj-S-CHjCHjOH 
CH,0 



a n 1, m = 0, n = 0; y = 1 . z is 1 ; X is p-hydroxyphenyl. R 4 and R 5 are hydrogen, R 7 is m-methoxy, and R 1 is hydrox- 
yethyl. 



26. C C 

<e-i 
I 

SCH 2 CH 2 OH 



27. 



OAlk OC 6 H s HC=0 

! I I 

9 9 9 

SCH 2 CH 2 OH SCH 2 CH 2 OH SCH 2 CH 2 OH . 



10049] The compounds employed in combination with the latent mercaptans in the practice of this invention are free 
phenyl salicylate compounds. The term "free phenyl salicylate" as used herein means that the phenyl salicylate is used 
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independently, i.e., is physically combined, in the stabilizer composition of this invention instead of being provided as a 
ligand that is directly bond to a tin atom. 

[0050] The phenyl salicylates suitable for the purposes of this invention are represented by FORMULA 2: 
HO 0 




(ID 



(R J0 ), (R 2, ) r 



wherein R 20 and R 21 are at each independent occurrence selected from hydrogen, an alkyl. phenyl, alkoxy, phenoxy. 
alkylcarboxy, hydroxyl, halogen, carboxyl, benzoyl, glycidyl, glyddylamino. alkylamino. amido. hydroxypolyalkoxy, alkox- 
ypolyalkoxy, or acyloxypolyalkoxy radical, x is any integer from 1 to 4, and y is any integer from 1 to 5. Preferred phenyl 
salicylates are those of Formula II wherein R 20 is hydrogen and x is 4, and either R 21 is a hydrogen atom and y is 5, or 
R 21 is an alkyl radical having from about 1 to 12 carbon atoms and y is 1. 

[0051] Phenyl salicylate compounds exemplified by phenyl salicylate, 2'-dodecylphenyl salicylate, 4 , -methoxyphe- 
nyl salicylate, 4-methoxyphenyl salicylate, 4'-chlorophenyl salicylate, 4-acetamidophenyl salicylate, 1-hydroxy-2-phe- 
nylnaphthoate, 5-chlorophenyl salicylate, and 4-N-glycidylaminophenyl salicylate are suitable, although phenyl 
salicylate and 2'-dodecylphenyl salicylate represent the preferred structures. The prime 0 denotes R 21 substituents. 
and the R 20 substituents are unprimed. Those skilled in the art will understand that derivatives of the phenyl salicylates, 
for example, corresponding anilide or pyridinyl structures, may also be employed, although currently such derivatives 
are not preferred in view of their relatively lower heat stability. 

[0052] These phenyl salicylates can be prepared by standard teaching as well known in the art. 
[0053] As used in the above formulas and throughout this specification unless otherwise indicated, the named 
organic radicals are straight or branched chain radicals which contain, for example, from about 1 to 20 carbon atoms, 
and the term poly refers to 2 or more repeat units of the named radical. 

[0054] As stated above, the stabilizer compositions of the present invention comprise a latent mercaptan as the 
sole heat stabilizer or in a system comprising a metal-based stabilizer, a Lewis Acid an organic-based stabilizer, or a 
hydrotaldte-based stabilizer in admixture with the latent mercaptan. Metal-based stabilizers are defined for the pur- 
poses of this invention as metal salt stabilizers and organometallic stabilizers. Metal salts are defined to include oxides, 
hydroxides, sulfides, sulfates, chlorides, bromides, fluorides, iodides, phosphates, phenates. perchlorates. carboxy- 
lates, and carbonates. The metal salt stabilizers are exemplified by barium, strontium, calcium, cadmium, zinc, lead, tin, 
magnesium, cobalt, nickel, titanium, antimony, and aluminum salts of phenols, aromatic carboxylic acids, fatty acids, 
epoxidized fatty acids, oxalic add, carbonic acid, sulfuric acid, and phosphoric acid. Calcium stearate, calcium 2-ethyl- 
hexanoate, caldum octoate. calcium oleate. calcium ridnoleate, calcium myristate, calcium palmitate, calcium laurate. 
barium laurate. barium stearate, barium di(nonylphenolate), magnesium stearate, zinc stearate, zinc octoate (or capr- 
ylate), zinc 2-ethylhexanoate, zinc stearate, zinc laurate, zinc oxide, zinc chloride, zinc hydroxide, zinc sulfide, zinc sul- 
fate, zinc bromide, cadmium laurate, cadmium octoate, cadmium stearate, sodium stearate and other Group I and II 
metal soaps are examples of suitable salts. Other metal salts such as lead stearate, tin stearate, aluminum stearate, 
and hydrotalcite, etc, can be used. Metal salt stabilizers may constitute from about 0.01 to about 10%. preferably 0.1- 
5% by weight of the halogen containing resin. 

[0055] Conventional organometallic stabilizers include the organotin carboxylates and mercaptides. Such materials 
include butyltin tris dodecyl mercaptide, dibutyltin dilaurate, dibutyftin didodecyl mercaptide, dianhydride tris dibutylstan- 
nane diol, dihydrocarbontin salts of carboxy mercaptals such as those set forth in Hechenbleikner et al.(U.S. Pat. No. 
3,078,290). There can be included any of the vinyl chloride resin stabilizers set forth in Salyer (U.S. Pat. No. 2,985,61 7). 
[0056] Preferred organotin mercaptides are exemplified by mono-and di-^ -Ci 2 alkyltin mercaptides of alkylthiogly- 
colates, such as monomethyltin tris(2-ethylhexylthioglycolate), dimethyltin bis (2-ethylhexylthioglycolate). monobutyltin 
tris(2-ethy1hexylthioglycolate), dibutyltin bis(2-ethylhexylthioglycolate), monooctyltintris(2-ethylhexyIthioglycolate), and 
dioctyltin bis(2-ethylhexylthioglycolate), and mono- and di-C r C 12 alkyltin mercaptides of mercaptoalkyl carboxylates, 
such as monomethyltin tris(mercaptoethyloleate), dimethyltin bis (mercaptoethyloleate), monobutyltin tris (mercap- 
toethylpelargonate). and dibutyltin bis(mercaptoethylpelargonate). Preferred organotin carboxylates are exemplified by 
mono- and di-C r C 12 alkyltin carboxylates, such as monobutyltin tris(dodecylmaleate), dibutyftin bis(butyl maleate). 
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diethyltin azelate, diethyltin dilaurate, dimethyltin dibenzoate, dimethyltin bis(butyl carbitol maleate), and dimethyl 
bis(tetraethylene glycol maleate), and oligomeric and polymeric salts thereof. Particularly useful in the practice of this 
invention are mixtures of mono- and di-alkyltin mercaptides. 

[0057] The mono-organotin compounds and diorganotin compounds useful in the compositions of this invention 
5 may be prepared by methods well-known in the art such as the reaction of a mono- or dialkyltin chloride with a mercap- 
toalkyl carboxylate or an alkyl thioglycolate in the presence of a base to scavenge hydrogen chloride. Methyltin trichlo- 
ride, dimethyltin dichloride, butyltin trichloride, dibutyltin dichloride, ethylhexyltin trichloride, and dioctyltin dichloride are 
examples of organotin halides that are suitable for the preparation of useful stabilizers for this invention. See for exam- 
ple, U.S. Pat. Nos. 3,565,930, 3,869,487, 3,979,359, 4,1 18,371, 4,134,878 and 4,183,846 all of which are incorporated 
10 herein by reference. 

[0058] Monosulf ides and/or polysulf ides of the organotin mercaptides of mercaptoalkyl carboxylates and/or of alkyl 
thioglycolates are also suitable as metal based stabilizers in the compositions of this invention for improving the resist- 
ance of halogen-containing polymers to deterioration when heated to 350°F (177°C) during processing. Said sulfides 
are made by heating stoichiometric quantities of a mercaptoalkyl ester or alkyfthiocarboxytate and an organotin chloride 
75 in water and ammonium hydroxide to about 30°C, slowly adding an alkali-metal mono- or polysulf ide, and heating the 
reaction mixture further to about 45°C before separating the product from said mixture. Alternatively, the sulfide may be 
made by mixing a monoalkyl- or dialkyltin sulfide with an organotin mercaptide and by other procedures well known in 
the stabilizer art. 

[0059] The sulfides of the atkyltin mercapto-carboxylic esters or mercaptoalkylcarboxyiic esters may be character- 

20 ized by an equilibrium mixture of one or more alkyltm halides, one or more organotin mercaptides, and one or more 
alkyltin mono- or polysulf ides or oligomers thereof. It should be understood that the structures of the sulfides produced 
by the processes mentioned above are very complex. The reactions are believed to produce an equilibrium mixture 
composed of several different but related products. As will be appreciated by those of ordinary skill in chemistry, equi- 
librium mixtures inherently include the starting materials as well as the products of any reaction between them. The 

25 chemical and patent literature contain numerous examples demonstrating that members of different classes of organ- 
otin compounds may react with one another under certain conditions to yield products containing one or more tin atoms 
wherein at least a portion of the tin atoms are bonded to different combinations of radicals than they were before being 
mixed together. Accordingly, the sulfides are believed to include bis[monoorganotin)-bis(thioalkyt carboxylate)] mono- 
sulfides and polysutfides, bis[(diorganotin)-mono(thioalkyl carboxylate)]monosulfides and polysutfides, and products 

30 which arise during equilibrium reactions among said mono- and polysutfides, including monoaJkyltin tris(thioalkyl car- 
boxylates), dialkyltin bis(thioalkyl carboxylates), mono- anddi-organotin mono- and polysulf ides, and oligomers thereof, 
as well as the starting materials themselves. The sulfide of an alkyl ester of a mercaptocarboxylic acid is likewise 
believed to include bis[monoorganotin)-bis(aikyi mercaptocarboxylate)] monosulfides and polysulfides, bis[(diorgano- 
tin)-mono(alkyl mercaptocarboxylate)])monosulfides and polysulfides, and products which arise during equilibrium 

35 reactions among said mono- and polysulfides, including monoalkyltin tris(alkyl mercaptocarboxylates), dialkyltin 
bis(alkyi mercaptocarboxylates), mono- and di-organotin mono- and polysutfides, and oligomers thereof. 
[0060] The polysulfides include mixtures of compounds having from 2 to 10 sulfur atoms linked together. Mixtures 
of monosulfides and polysulfides having from 2 to 4 sulfur atoms are preferred. 

[0061 ] The organometallic stabilizers may constitute from about 0.01 to about 1 0%, preferably 0.1-5% by weight of 

40 the halogen containing resin. 

[0062] Other stabilizers which may be used in combination with the latent mercaptan include Lewis acids. The 
Lewis acids are exemplified by boron tr'rf luoride, aluminum chloride, zinc chloride and methyltin trichloride. Thus, there 
is some overlap between the metal salts and Lewis acids that are useful in this invention. The synergistic amounts of 
the Lewis acids for the purposes of this invention are from about 0.005 to 0.5%, preferably from 0.01 to about 0.1 % by 

45 weight of the halogen-containing resin. The Lewis acids and the metallic-based stabilizers may be used in combination. 
[0063] Conventional non-metallic stabilizers can also be included in the stabilizer compositions of the present 
invention to assist in improving the properties of the halogen containing resin. Thus, there can be included 0.01 -10%, 
preferably 0.1-5% based on the halogen-containing resin of sulfur containing compounds such as diiauryi-thiodipropi- 
onate, distearyl S.S'-thiodipropionate, dicyclohexyl-3,3-thiodipropionate, dioleyl-3,3'-thiodipropionate, dibenzyi-3,3-thi- 

bo odipropionate, didecyl-3,3'-thiodipropionate, dibenzyl-3,3'-thiodipropionate, diethyl-3,3'-thiopropionate, lauryl ester of 
3-methylmercaptopropionic acid, lauryl ester of 3-butylmercaptopropionic acid, lauryl ester of 3-lauryl mercaptopropi- 
onic acid, and phenyl ester of 3-octyl mercaptopropionic acid. 

[0064] In addition to the stabilizer compositions of this invention, there can also be incorporated into the halogen- 
containing organic polymer conventional additives such as plasticizers, as mentioned above in regard to flexible PVC, 
55 blowing agents, dyes, co-ultraviolet light absorbing agents, antioxidants, densifying agents, biocides, impact modifiers, 
processing aids, co-stabilizers, toners, and the like. 

[0065] The halogen-containing polymer compositions that are stabilized by the stabilizer compositions of this inven- 
tion are generally limited to clear formulations. These formulations thus contain little or n pigments or fillers that will 
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render them opaque. While not wishing to be bound by any particular theory, it is believed that in clear formulations, 
sufficient energy (hv) is provided to allow photo-fries rearrangement in situ of the phenyl salicylate compound to its cor- 
responding, functionally active, benzophenone type structure, which is capable of absorbing high levels of ultraviolet 
radiation throughout the clear polymer composition. While in pigmented or filled (i.e., opaque) formulations, it is believed 
that photo-fries arrangement of the phenyl salicylate compound to its functionally active form is prevented for the most 
part. 

[0066] An antioxidant may be added in an amount of 0.01-10%, preferably 0.1-5% by weight of the resin. Phenolic 
antioxidants are particularly suitable and are exemplif ied by 2,6-di-t-butyl-p-cresol, butylated hydroxyanisole, propyl gal- 
late, 4,4'-thiobis(6-t-butyl-m-cresol), 4,4'-cyclohexylidene diphenol, 2.5-di-t-amyl hydroquinone, 4,4'-butylidene bis(6-t- 
butyl-m-cresol), hydroquinone monobenzyl ether, 2,2*-methylene-bis(4-methyl-6-t-butyl phenol), 2,6-butyl-4-decyioxy 
phenol, 2-t-butyl-4-dodecyloxy phenol, 2-t-butyl-4-dodecyloxy phenol, 2-t-butyl-4-octadecyloxy phenol, 4,4'-methylene- 
bis(2,6-di-t-butyl phenol), p-amino phenol, N-lauryloxy-p-amino phenol, 4,4-thiobis(3-methyl-6-t-butyl phenol), bis [o- 
(1.1,3,3-tetramethyl butyl)phenoQ sulfide, 4-acetyl-p-resorcylic acid, A-stage p-Mxjtylphenolformaldehyde resin, 4- 
dodecylaxy-2-hydroxybenzophenone 3-hydroxy-4-(phenylcarbonyl) phenyl palmitate, n-dodecyl ester of 3-hydroxy-4- 
(phenyi carbonyi) phenoxyacetic acid, and t-butyl phenol. 

[0067] The use of epoxy co-stabilizer compounds in an amount of 0.01-30% in the polymer compositions is also 
valuable. Examples of such epoxy compounds include epoxidized soya bean oil. epoxidized lard oil, epoxidized olive oil. 
epoxidized linseed oil, epoxidized castor oil, epoxidized peanut oil, epoxidized corn oil. epoxidized tung oil. epoxidized 
cottonseed oil, epichlorhydrin/bisphenol A resins, phenoxypropylene oxide, butoxypropylene oxide, epoxidized neo- 
pentylene oleate, glyctdyl epoxystearate, epoxidized a-olef ins, epoxidized glycidyl soyate, dicyclopentadiene dioxide, 
epoxidized butyl toluate, styrene oxide, dipentene dioxide, glyctdoi. vinyl cyclohexene dioxide, glycidyl ether of resorci- 
nol, glycidol ether of hydroquinone, glycidyl ether of 1 ,5-dihyroxynaphthalene, epoxidized linseed oil fatty acids, ally! gly- 
cidyl ether, butyl glycidyl ether, cyclohexane oxide, 4-(2,3-epoxypropoxy) acetophenone, mesityl oxide epoxide, 2-ethyl- 
3-propyl glycidamide, glycidyl ethers of glycerine, pentaerythritol and sorbitol, and 3,4-epoxycyclohexane-1, 1-dimeth- 
anol bis-9, 1 0-epoxystearate. 

[0068] Likewise there can be used organic phosphites in an amount of 0.01 to 10%, preferably 0.1 -5% of the halo- 
gen containing resin. The organic phosphites contain one or more, up to a total of three, aryl, alkyl, aralkyl and alkaryl 
groups, in any combination. The term "trialkylaryl" is inclusive of alkyl, aryl, alkaryl and aralkyl phosphites containing 
any assortment of alkyl, aryl, alkaryl and aralkyl groups. Exemplary are triphenyl phosphite, tricresyl phosphite, 
tri(dimethylphenyl) phosphite, tributyl phosphite, trioctyl phosphite, tridodecyl phosphite, octyl diphenyl phosphite, dioc- 
tyl phenyl phosphite, tri(octyl-phenyl) phosphite, tri (nonylphenyl) phosphite, tribenzyl phosphite, butyl dicresyl phos- 
phite, octyl di(octyl-phenyi) phosphite, tri(2-ethyl-hexyl) phosphite, tritolyl phosphite, tri (2-cyclohexylphenyl) phosphite, 
tri-alpha-naphthyl phosphite, tri (phenylphenyl) phosphite, and tri(2-phenylethyl) phosphite. 

[0069] Likewise there can be included polyol stabilizers for vinyl chloride resins in an amount of 0.01-10% by 
weight. Thus there can be included glycerol, sorbitol, pentaerythritol and mannitol and polyethers such as diethylene 
glycol, triethylene glycol, tetraethylene glycol, tripropylene glycol, and the like. 

[0070] Nitrogen containing stabilizers such as dicyandiamide. melamine, urea, formoguanamine, dimethyl hydan- 
toin, guanidine, thio-urea, 2-phenylindoles. aminocrotonates, N-alkyl and N-phenyl substituted maleimides, wherein the 
alkyl group has from 1 to 4 carbon atoms, uracil and the like also can be included in amounts of 0.1-10% by weight of 
the halogen-containing resin. Particularly interesting compounds are the 1,3-dialkyl-6-amino-uracil derivatives 
described in German Offenlegungsschrift 1 9,741 ,778 by Ciba Specialty Chemicals Holding Inc., and the pyrrolodiazine 
diones described in published Australian Patent Application No. AU-A-48232/96 by Ciba-Geigy, and the like also can be 
included in amounts of 0.1-10% by weight. Of particular interest are the pyrrolodiazine diones described by the formula: 



wherein R®, R®, R®» and R® are independently hydrogen or C r C 4 alkyl. Examples of compounds contemplated for 
use in this invention include the 1H-pyrrolo[2,3-d]pyrimidine-2,4(3H,7H)-diones exemplified by Compound Nos. 103, 
111, 123, 129, and 131 of said Australian Patent Application, which have the following substitu nts: 



O 




R© 



R® 



R® 



H 
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NO. 103 1.3.6-trimethyl; 
No. 111 1,3,6,7-tetramethyl; 
No. 123 none; 

No. 129 1,3-diethyl,6-methyl; 
No. 131 1,3-di-n-butyl,6-methyl; 

[0071 ] Said compounds may be prepared by the method described by S. Senda and K. Hirota, Chem. Pharm. Bull. , 
22(7), 1459-1 467(1974) or by the reaction of the corresponding aminouracil with molar excesses of chloroacetaldehyde 
and ammonium acetate in water at about 65°C until a precipitate forms or with molar excesses of acetoxyacetone and 
ammonium acetate in water at reflux for 12 hours. The German Offenlegungsschrift 19,741 .778 and the Australian Pat- 
ent Application No. AU-A-48232/96 are each incorporated herein by reference. 

[0072] There can even be included conventional lubricants for vinyl chloride resins such as low molecular weight 
polyethylene, i.e. polyethylene wax, fatty acid amides, e.g. lauramide and stearamide, bisamides, e.g. decamethylene, 
bis amide, and fatty acid esters, e.g. butyl stearate. glyceryl stearate, linseed oil, palm oil, decyloleate, com oil, cotton- 
seed oil, hydrogenated cottonseed oil, etc. 

[0073] The stabilizer compositions of this invention may be prepared by pre-blending the components thereof in any 
convenient manner which produces a homogeneous mixture, such as by shaking or stirring in a container. Likewise, the 
stabilized compositions of this invention can be incorporated in the halogen-containing organic polymer by admixing the 
stabilizer composition and polymer, such as, for example, in an appropriate mill or mixer or by any other of the well- 
known methods which provide uniform distribution of the stabilizer throughout the polymer. 
[0074] The stabilizer compositions of this invention are employed in an amount sufficient to impart the desired 
resistance to heat deterioration to halogen-containing organic polymers. It will be readily apparent to one of ordinary 
skill in the art, that the precise amount of stabilizer composition used will depend upon several factors, including, but 
not limited to, the particular halogen-containing organic polymer employed, the temperature to which the polymer will 
be subjected, and the possible presence of other stabilizing compounds. In general, the more severe the conditions to 
which the halogen-containing organic polymer is subjected, and the longer the term required for resisting degradation, 
the greater will be the amount of stabilizer composition required. Generally, as little as about 0.4% by weight based on 
the weight of the halogen-containing organic polymer will be effective. While there is no critical upper limit to the amount 
of stabilizer composition which can be employed, amounts in excess of about 4% by weight based on the weight of hal- 
ogen-containing polymer do not give an increase in effectiveness commensurate with the additional amount of stabilizer 
employed. 

[0075] The following examples further illustrate the preparation of an exemplary latent mercaptan. the preparation 
of stabilizer compositions of this invention, and the advantages of said stabilizer compositions in clear halogen-contain- 
ing polymer compositions. 

[0076] Unless otherwise indicated, the stabilizer components and other auxiliary ingredients are specified in parts 
by weight per hundred parts of the halogen-containing resin ("phr"). 

Example 1 

Preparation of a Latent Mercaptan 

[0077] 2-S-tetrahydropyranyl) thioethyltallate was prepared by adding 172.45 grams (2.05 equiv.) of 3,4-dihy- 
dro(2H)pyran dropwise to 760.00 grams (2.00 equiv.) of 2-mercaptoethyltallate (8.70% SH by iodometric titration) con- 
taining 0.93 gram of methanesulfonic acid (70% active) over a period of 45 minutes under a nitrogen blanket and a 
temperature between 25-35°C and heating to 35-40°C for 2 hours. After cooling the solution. 3 grams of Norite carbon 
black was charged and the product was vacuum filtered to yield 932 grams of yellow liquid having a SH content of less 
than 0.4% as determined by titration with 0. 1 00 N iodine solution in isopropanol. The 1 H-NMR(CDC13,5) spectrum was: 
2.3 (2H, t -C(=0)-Cii>-CH 2 -), 2.8 (2H, m, -S-CH2-CH 2 -), 4.3 (2H, m,(-CC(=0)-0-CJi>), 4.9 (1H, m, -O-CtK-S-CHa)- 
CH 2 -CH 2 -). GC of the product (1% in ether) indicated one primary product peak at 26.3 minutes retention time (50- 
300°C; 1 0°C/min.; split flow injector/FID). 

Examples 2-5 

Preparation of Rigid Clear PVC Compositions 
(Examples 2 and 3 are Comparative) 

[0078] The following ingredients were blended together in the amounts given to provide four dear polyvinyl chloride 
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compositions, the first two being stabilized with a latent mercaptan atone and the latter two being stabilized with a latent 
mercaptan in combination with a phenyl salicylate compound in accordance with this invention. 



1 nn r Aril Ante 


Phr 




Example 2 


Example 3 


Example 4 


Example 5 




100.0 


100 


100 


100 


impact Mourner ^ixanerva xs-cc.) 


b.U 


o.u 


6.0 


6.0 


Process Aid (Rohm & Haas Acrvloid K-120N) 


1.5 


1.5 


1.5 


1.5 


Ester Wax Lubricant (Henkel Loxiol G-16) 


1.0 


1.0 


1.0 


1.0 


Ester Wax Lubricant (Henkel Loxiol G-70) 


0.7 


0.7 


0.7 


0.7 j 


Oxidized Polyethylene Lubricant (Allied AC-629A) 


0.2 


0.2 


0.2 


0.2 


Epoxidized Soy Bean Oil Costabilizer 


1.0 


1.0 


1.0 


1.0 


Organotin Mercaptide 1 


2.5 


2.0 


2.5 


2.0 


Latent Mercaptan (Example 1) 


0.5 


1.0 


0.5 


1.0 


Phenyl Salicylate (Aldrich) 






0.25 


0.25 



Table Footnote 

organotin mercaptide stabilizer is a mixture of 80 wt.%dimethyttin bis (2-ethythexyl maleate) and 20 wt.% mono- 
methyttin tris (2-ethylhexylmaleate). 



[0079] Each resulting polymer composition was then formed into a plaque and tested for stability to light and weath- 
ering by exposing it to ultraviolet light (U V) and moisture in a Q-Panel QUV accelerated weathering tester equipped with 
a QUV-A-351 bulbs. Each plaque was weathered at 50°C by exposing it to 10 hours of UV light followed by 2 hours of 
moisture condensation cycle. This was repeated until the plaque had been exposed for 960 hours. Samples were taken 
for evaluation every 1 60 hours. Color values were read using a Hunter colorimeter. Delta E (total color change) readings 
for each composition using the initial (0 hour) sample as a color reference, which are given in the Table below. 





Delta E 


Hours 


160 


320 


480 


640 


800 


960 


Example 2 


18.95 


17.39 


24.01 


25.89 


28.06 


30.13 


Example 3 


18.50 


19.07 


28.86 


23.49 


24.89 


31.03 


Example 4 


9.56 


9.11 


14.80 


14.62 


18.62 


20.34 


Example 5 


10.52 


11.00 


15.25 


17.45 


20.15 


19.02 



[0080] The above results demonstrate: 1) that latent mercaptan systems alone are poor weathering stabilizers; and 
2) the weathering stabilization of latent mercaptan systems is significantly improved by their use in combination with 
phenyl salicylate compounds in clear polyvinyl chloride compositions. 

Examples 6-7 

Preparation of Flexible Clear PVC Compositions 
(Example 6 is Comparative) 

[0081] The following ingredients were blended together in the amounts given and tested for weathering according 
to the procedure set forth in Examples 2-5 with the exception that a 4 hour UV/4 hour condensation cycle was employed 
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for 1600 hours. 



10 



15 



20 



ingredients 


Phr 




Example 6 


Example 7 


r vo riesin (cieon ooj 


100.0 


100.0 


Oii^oHpcvl Phthalato Plactiri^or 


40.0 


40.0 


Epoxidized Soybean Oil Costabiiizer 


5.0 


5.0 


Stearic Acid Lubricant 


0.2 


0.2 


Oxidized Polyethylene Lubricant (Allied AC-629 A) 


0.2 


0.2 


Latent Mercaptan (Example 1) 


2.0 


2.0 


Zinc Octoate Stabilizer 


0.1 


0.1 


Phenyl Salicylate 




0.1 



25 



30 





Delta E 


Hours 


160 


320 


480 


640 


800 


960 


1120 


1280 


1440 


1600 


Example 6 


9.7 


0.7 


2.4 


12.3 


14.5 


18.2 


21.5 


19.0 


22.7 


22.2 


Example 7 


8.1 


0.6 


1.3 


5.6 


9.9 


10.5 


9.0 


12.7 


14.0 


11.7 
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[0082] The above results demonstrate: 1 ) that latent mercaptan systems alone are poor weathering stabilizers; and 
2) the weathering stabilization of latent mercaptan systems is significantly improved by their use in combination with 
phenyl salicylate compounds in clear polyvinyl chloride compositions. 



Example? 9-9 

Preparation of Flexible Pigmented PVC Compositions 

40 (Examples 8 and 9 are Comparative) 

[0083] The following ingredients were blended together in the amounts given to provide two pigmented polyvinyl 
chloride compositions, the first being stabilized with a latent mercaptan system alone and the second being stabilized 
with a latent mercaptan system in combination with a phenyl salicylate compound. 

45 



50 



55 



Ingredients 


Phr 




Example 8 


Example 9 


PVC Resin (Geon 30) 


100 


100 


Dioctyl Phthalate Plasticizer 


55.0 


55.0 


Calcium Carbonate Filler (OMYA UFT) 


10.0 


10.0 


Titanium Dioxide Pigment (Du Pont Ti-Pure R-960) 


5.0 


5.0 


Epoxidized Soybean Oil Costabiiizer 


3.0 


3.0 
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(continued) 



Ingredients 


Phr 




Example 8 


Example 9 


Stearic Acid Lubricant 


0.2 


0.2 


Oxidized Polyethylene Lubricant (Allied AC-629A) 


0.2 


0.2 


Latent Mercaptan (Example 1) 


0.15 


0.15 


Penyl Salicylate (Aldrich) 




0.1 



[0084] Each resulting polymer composition was QUV weathering tested in accordance with the procedure outlined 
in the Examples 6-7. Delta E (total color change) readings for each composition using the initial (0 hour) sample as a 
color reference are given in the Table below. 





Delta E 


Hours 


160 


320 


480 


640 


800 


960 


1120 


1280 


1440 


1600 


Example 8 


0.4 


0.8 


2.1 


0.9 


1.5 


1.5 


1.0 


1.7 


2.4 


3.0 


Example 9 


0.5 


0.4 


1.3 


0.8 


0.6 


1.7 


1.3 


1.3 


1.4 


3.6 



[0085] The above results demonstrate: 1) that latent mercaptan stabilizer systems alone are poor weathering sta- 
bilizers; and 2) no benefit in terms of weathering stabilization is provided by their use in combination with phenyl sali- 
cylate compounds in pigmented polyvinyl chloride compositions, as the phenyl salicylate compounds are not 
functionally active therein. 

[0086] Articles of manufacture contemplated by this invention, e.g. pipe, film, siding, window profile, window frames, 
corrugated roofing, door stripping, are formed from the stabilized polymer compositions of this invention by any of the 
well-known conventional techniques for forming polymers into shaped articles. 

Claims 

1. A composition capable of stabilizing clear halogenated polymer compositions against the deteriorative effects of 
heat, light and weathering, comprising: 

A) a latent mercaptan which degrades during processing of the composition at an elevated temperature to lib- 
erate a free mercaptan; and, 

B) a free phenyl salicylate compound. 

2. A composition according to claim 1 , which contains from 50 wt% to 98.8 wt%, based on the combined weight of (A) 
plus (B), of said latent mercaptan, and from 1 .2 wt% to 50 wt.%. based on the combined weight of (A) plus (B), of 
said free phenyl salicylate compound. 

3. A cx)mposition according to claim 1 or claim 2, wherein said free phenyl salicylate has the formula: 

HO O 



i 8 




wherein 
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R 21 and R 22 are at each independent occurrence selected from hydrogen, an alkyl, phenyl, alkoxy, phenoxy, 
alkylcarboxy, hydroxyl, halogen, carboxyl, benzoyl, glycldyl, glycidylamino, alkylamino, amldo, hydroxypoly- 
alkoxy, alkoxypolyalkoxy, or acyloxypolyalkoxy radical; 
x is any integer from 1 to 4, and y is any integer from 1 to 5. 

4. A composition according to any preceding claim wherein the latent mercaptan compound has the formula: 




wherein a is 0 or 1, m and n are 0 or 1 ; y ■ 1 to 4; when y = 1, z is 1 to 4; and when y is more than 1, z is 1; R 1 is 
a hydroxyalkyl, dihydroxyalkyl, hydroxy(polyalkoxy)alkyl, alkoxyalkyl, hydroxyalkoxyalkyl, alkoxy(hydroxyalkyl), 
alkoxy(acylQxyalkyl), alkoxy(polyalkDxy)alkyl, carboxyalkyl, acyloxyalkyl, acyloxy(hydraxyalkyl), acyloxyalkoxyalkyl, 
acyloxy(polyalkoxy)alkyl, benzoyioxy(polyalkDxy)alkyl, alkylenebis-(acyloxyalkyl), alkoxycarbonylalkyl, alkoxycarb- 
onytalkylenyl, hydroxyalkoxycarbonylalkyl, hydroxy(polyalkoxy)cartx)nylalkyl, alkoxy(polyalkoxy)carbonylalkyl, mer- 
captoalkyl, mercaptoalkylenyl, mercaptoalkoxycarbonylalkyl. mercaptoalkoxycarbonylalkylenyl, 
alkoxycarbonyl(amido)alkyt, alkylcarbonyloxy(polyalkDxy)carbonylalkyl, tetrahydropyrahylaxyalkyl, tetrahydopyran- 
yloxy(polyalkDxy)carbonylalkyl, hydroxyaryl, mercaptoaryl or carboxyaryl radical having from 1 to 22 carbon atoms; 
R 2 , R 3 , R 4 , R 5 , R 6 , and R 7 are independently hydrogen, a hydroxyl, mercapto, acyi, alkyl, alkylenyl, aryl, haloaryl, 
alkaryl, aralkyl, hydroxyalkyl, mercaptoalkyl. hydroxyaryl, alkoxyaryl, alkoxyhydroxyaryl, hydroxyalkyl, mercap- 
toalkyl. mercaptoalkylenyt, mercaptoalkoxycarbonylalkylenyl, hydroxyaryl, arylcarbonyl, mercaptoaryl, carboxy- 
alkyl, carboxyaryl, or acyl radical having from 1 to 22 carbon atoms; X is aryl, haloaryl, alkaryl, hydroxyaryl, 
dihydroxyaryl, aralkaryl, alkoxyaryl, arylcycloalkyl. or a heteroatom, with the option that when a is 
1 and m is 0, one of the R 3 and R 5 radicals joins with R 7 and X to form a heterocyclic moiety with X as a heteroatom 
selected from the group consisting of oxygen and sulfur, and with the further option that when m is 1, R 6 and R 7 
form a heterocyclic moiety in conjunction with X as a nitrogen atom; with the proviso that when X is aralkaryl, R 6 
and R 7 are hydroxyl, a is 1 and m is 1 . then z is 1 or 2, and with the further proviso that when R 6 * hydroxyl or mer- 
capto, z is 1. 

5. A composition according to any preceding claim characterized further by the presence of a heat stabilizer selected 
from metal-based heat stabilizers. Lewis Acids, organic-based heat stabilizers, and hydrotalcite-based heat stabi- 
lizers. 

6. A composition according to claim 5 wherein the heat stabilizer comprises at least one metal-based heat stabilizer 
selected from antimony-, barium-, magnesium-, and calcium-, tin-, and zinc-based stabilizers. 

7. A composition according to claim 6 wherein the metal-based stabilizer is a zinc soap. 

8. A composition according to claim 5 wherein the heat stabilizer comprises at least one metal-based heat stabilizer 
which is an organotin compound. 

9. A composition according to claim 8 wherein the organotin compound is selected from organotin mercaptides, 
mono- and poly-surfides of organotin mercaptides, and organotin carboxylates. 

10. A composition according to claim 9 containing an organotin mercaptide wherein the mercaptide moiety is an alkyl 
thioglycolate. 
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HO 0 




where R 20 and R 21 are at each independent occurrence selected from hydrogen, an alkyl, phenyl, alkoxy, phe- 
noxy, alkylcarboxy, hydroxyl, halogen, carboxyl, benzoyl, glycidyl, glycidylamino, alkylamino, amldo, hydroxy- 
polyalkoxy, alkoxypolyalkoxy, or acyloxypolyalkoxy radical; and, 
x is any integer from 1 to 4 and y is any integer from 1 to 5. 

16. A composition according to any one of claims 13 to 15 which contains from 0.4 to 4 wt% of said stabilizer compo- 
sition relative to the weight of the halogen-containing polymer. 

17. A composition according to any one of claims 13 to 16 characterized further by the presence of a heat stabilizer 
selected from metal-based heat stabilizers, Lewis Acids, organic-based heat stabilizers, and hydrotalcite-based 
heat stabilizers. 
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